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Engineers and industrial designers have diﬀerent approaches to problem solving. Both place heavy emphasis on
identiﬁcation of customer needs, manufacturing methods, and prototyping. Industrial designers focus on aesthetics,
ergonomics, ease of use, manufacturing methods, and the user’s experience. They tend to be more visual and more
concerned with the interaction between users and products. Engineers focus on functionality, performance requirements,
analytical modeling, and design veriﬁcation and validation. They tend to be more analytical and more concerned with the
design of internal components and product performance. Engineers and industrial designers often work together on
project teams in industry. Collaboration between the two groups on senior capstone design projects can teach each to
respect and value the unique contributions each brings to the project team, result in improved design solutions, and help
prepare students for future collaboration in industry. Student feedback and lessons learned by faculty and students from a
ten-year collaboration between engineering and industrial design students fromMarquette University and theMilwaukee
Institute of Art andDesign, respectively, are presented. Students learned to communicate with people in other disciplines,
appreciate the complementary skills of each discipline, and value diﬀerent approaches to problem solving.
Keywords: industrial design; multidisciplinary teams; capstone design; design collaboration
1. Introduction
To appreciate the role of industrial designers in the
design process, it is helpful to understand the three
main aspects of product design [1]. First, the tech-
nical aspects involve the assembly of parts and
systems that allow the device to meet the technical
requirements. Second, the human factors aspects
dealwith howwell the user interface enables the user
to interact with the device, encourages correct
performance, and discourages and prevents incor-
rect performance. Third, aesthetic form can com-
municate how touse a device to achieve the intended
result, and can make a product easy to use.
Although the appearance of a device has little
eﬀect on its user interface, it can have a strong
psychological inﬂuence on the end user. All three
aspects of design help create value and enhance the
overall perception of quality. A well-designed pro-
duct satisﬁes all customer needs, meets all required
speciﬁcations, incorporates basic human factors
principles, and is sensitive to aesthetics and
market perception [1].
Engineers and industrial designers are problem
solvers who use their design skills to develop new
products that meet their customers’ needs. Their
approaches to problem solving are diﬀerent, and
they emphasize diﬀerent aspects of design. Engi-
neers focus on the technical aspects of design such as
functionality, performance requirements, analytical
modeling, and design validation. They tend to be
more analytical and more concerned with product
performance and the design of the internal compo-
nents that make the product work [2]. For example,
engineers developing implantable medical devices
are concerned with issues such as corrosion, wear,
degradation, strength, and fatigue life. They per-
form calculations, use a variety of analytical tools
(such as ﬁnite element analysis), and conduct bench
tests to ensure that products are made from materi-
als with the appropriate design characteristics
(strength, biocompatibility, biodurability, etc.)
and will safely perform as required. Industrial
designers focus on aesthetics, ergonomics, usability,
safety, and the user’s experience. They tend to be
more visual and more concerned with the interac-
tion between users and products. For example,
industrial designers are concerned with the psycho-
logical impact of a product’s design on the user or
potential customer, usability (ease of use, low
potential for error), safety (no sharp edges or
other potential hazards), quality of the overall
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product experience, and perceived value of the
product.[1] Engineers and industrial designers
share a heavy emphasis on the customer, manufac-
turing methods, costs, and prototyping, and make
extensive use of Computer Aided Design (CAD)
and 3D modeling.
When engineers enter the workforce, they will be
expected to work on multidisciplinary teams typi-
cally consisting of members of research and devel-
opment, marketing, production, ﬁnance, regulatory
aﬀairs, and other departments.Depending upon the
type of products being developed, industrial
designers are often assigned to the project team to
work with engineers on the design of the new
product. Industrial designers are uniquely qualiﬁed
to assist with speciﬁc aspects of product design.
However, many engineering students (and faculty
members) are not aware ofwhat industrial designers
do and the role that they can play in new product
development. Eﬀective collaboration between bio-
medical engineers and industrial designers requires
an understanding and appreciation of the contribu-
tions each can make to the project and team. To
prepare these groups of students to work together
during their careers, a formal collaboration between
biomedical engineering students from Marquette
University (MU) and industrial design students
from the Milwaukee Institute of Art and Design
(MIAD) was created in 2006.
2. Previous work
A search of the engineering and industrial design
education literature was conducted to ﬁnd examples
of current andprevious collaborative learning activ-
ities between engineering and industrial design
students. Proceedings of the Biomedical Engineer-
ing Society, American Society for Engineering Edu-
cation, engineering education journals, and various
industrial design publications were searched. Very
few papers were found that described other similar
collaborations and provided evaluation or assess-
ment data pertaining to these collaborations.
Applicable publications are included in this paper,
and examples of other similar collaborations are
described here.
Early results of the MU/MIAD collaboration
described here have been reported previously [3–
6]. A few similar collaborations have been estab-
lished at other schools, involving diﬀerent levels of
collaboration between students from diﬀerent dis-
ciplines, and inclusion of industrial design (ID)
topics in freshman and/or senior capstone design
courses. Some universities have a college of engi-
neering and a school of art and design, making it
easier to create and manage collaborations between
the two disciplines.
TheMU/MIAD collaboration was established in
2006, prior to most similar collaborations that exist
today at other schools. It involves engineering and
industrial design students working together on
senior capstone design projects. It includes an ID
module during the fall semester of the two-semester
MUsenior design course consisting of presentations
by MIAD faculty on aesthetics of design, commu-
nicating ideas, converting speciﬁcations into con-
cepts, and a hands-on workshop on creating mock-
ups and prototypes.
At the University of Cincinnati, business, indus-
trial design, and biomedical engineering students
are teamed with a physician to study a particular
medical device, learn how it is used, and determine
how it could be improved. Each student brings his/
her unique skills and knowledge to the project team.
The business students identify stakeholders and
determine regulatory status, the industrial design
students conduct task analyses, and the engineering
students analyze the device and determine how it
functions. This experience provides students with
the opportunity to work on multifunctional teams
and develop ‘‘cross-language skills’’ needed for
careers in new product development. Engineering
students complete this course prior to enrolling in
the required senior capstone design course. The
business and industrial design students are invited
to continue their multifunctional team experience
via participation in senior capstone design projects
[1, 7]. Faculty involved in these collaborative design
project experiences at the University of Cincinnati
have made some interesting observations concern-
ing transdisciplinary learning among students in
diﬀerent disciplines [8]:
 Engineering students were familiar with the legal
and regulatory requirements for detailed record
keeping of project activities and decisions. How-
ever, industrial design students were unfamiliar
with this practice. This presented a challenge as
they were encouraged to record and document
their activities.
 Engineers are perceived as thinking in a more
linear and causally linked form as opposed to the
more lateral or free thinking style of industrial
designers. An appreciation for the merits of both
styles of thinking was necessary for all team
members to feel that they were successful con-
tributors.
 The recognition of the value that each discipline
brings to the project team was an essential com-
ponent of effective transdisciplinary learning.
During technical design review meetings where
design progress was presented to faculty, engi-
neering students learn to value the industrial
design student’s ability to communicate complex
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procedural diagrams coupled with new device
concept drawings. The industrial design students
learned to value the engineering student’s ability
to conduct, analyze, and present test data to
prove the technical and clinical advantages of
different designs. Students developed an appre-
ciation of each other’s complementary functional
strengths.
At theUniversity of Illinois at Champaign-Urbana,
collaboration between engineering and industrial
design students began in 2008. Teams consisting of
two engineering and two ID students work together
on projects during the freshman and later years.
Design thinking is introduced in the freshman
graphics course, which includes lectures on ID
topics [9].
More recently, at the New Jersey Institute of
Technology, students from the Department of Bio-
medical Engineering and the School of Art and
Design began working together on senior capstone
design projects. Teams are required to design and
build devices to help people with disabilities [10].
Some schools oﬀer programs that combine engi-
neering and industrial design throughout the curri-
culum. For example, Loughborough University in
England oﬀers undergraduate (BEng) and graduate
(MEng) degrees inProductDesignEngineering [11].
In September 2015, Harvard University announced
the creation of a new two-year, multidisciplinary
master’s in design engineering, which is a joint
program between the School of Engineering and
Applied Sciences and the Graduate School of
Design [12].
3. MU/MIAD collaboration
From 2006 to 2016, six pairs of junior level MIAD
industrial design students, enrolled in a one-seme-
ster industrial design course, were each assigned to
one of six existing senior capstone design projects
consisting of senior level biomedical, electrical,
computer, and mechanical engineering students.
The project assignments were based on MIAD
student preferences. Examples of recent past colla-
borative biomedical engineering projects for the
2013–2014, 2014–2015, and 2015–2016 academic
years are shown in Table 1. One mechanical and
one computer engineering project were part of these
collaborations and are not included in Table 1.
Only a few of the projects included in the colla-
boration were industry sponsored due to non-dis-
closure and intellectual property policies of the
sponsors. Some were student-generated ideas
(from Marquette students), and many were client
driven projects that focused on the design of assis-
tive technologies for a speciﬁc client with disabil-
ities. A few were service learning projects with a
focus on the unique healthcare needs of developing
nations. All non-industry sponsored projects were
fundedbygrants or departmental funds. Prior to the
start of the projects in August, Marquette students
ranked their top eight choices and teams were
formed by Marquette University capstone design
course instructors according to student choices and
skills needed to successfully run the project.
The schedule and structure of the collaboration is
illustrated in Table 2. The MU capstone design
course began in August each year. In November,
MU teams interested in working with MIAD stu-
dents presented their projects to the MIAD stu-
dents. In December, MU students proposed a ﬁnal
concept for further development to MU students
and faculty, and in January, presented these con-
cepts to the MIAD students who then selected the
projects they wanted to work on. Note that cur-
rently, MIAD students do not begin active partici-
pation in the collaborative projects until January,
and formally end participation in late March.
Due to scheduling limitations of the MIAD
industrial design program, collaborations began in
January and ended inMarch. Beginning in January,
the MU and MIAD students worked together to
further develop and reﬁne concepts proposed by the
MU students at the end of the ﬁrst semester of the
two-semester multidisciplinary capstone design
course. Prototypes were built using resources from
both schoolswhich included amachine shop and3D
printers located in the MU Discovery Learning
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 Personal Hygiene Assistive Device
 Assistive Device for Manual Wheelchair User
 All Terrain Walker for Improved Playground Access
 Hand Cycle Mount for Spinal Cord Injury Patients
 Adapted Game System for Spinal Cord Injury Patients
 Project Dress-Up: Assistive Technology for Independent
Dressing
 Automatic Pill Dispensing Device
 PoolShark 1000: Adaptive Pool Cue
Industry-Sponsored Projects:
 Redesign of Road Bike Handlebars (Trek Bicycle, Inc.)
 Hemodynamic Monitor (Cardiac Proﬁles, Inc.)
 Improved Design of Head Holder for CT Scanner (GE
Healthcare)
 Gestural Controls for Medical Devices (GE Healthcare)
Service Learning Projects:
 Human Powered Oxygen Concentrator
 NEOX: Non-Electric Oxygen Concentrator
Other Projects:
 Improved Design of a G-Tube Feeding Device
 Biofeedback System to Improve Body Alignment
Laboratory, and clay, modelling foam, metal,
woodworking, painting, ﬁnishing, and sewing
equipment and 3D printers available at MIAD or
theMIAD3DLaboratory.Designs were veriﬁed by
the MU students and validated by the team. The
MU students continued their work and completed
their projects in May, when the course ended.
The goals of these collaborations were for stu-
dents to (1) learn about each other’s disciplines, (2)
be exposed to diﬀerent approaches to problem
solving and ways of thinking, and to (3) enhance
students’ design education, and (4) improve the
quality of prototypes created by the project teams.
In May 2015 a qualitative email survey, consisting
of four questions, was used to solicit feedback from
all members of the teams regarding what they
learned from their experiences working together
and their suggestions for improving the collabora-
tion. The survey was open for one month.
4. Results
Responses to the survey questions below were
received from 9 of 30 MU students (30%) and 9 of
12 MIAD students (75%) participating in the colla-
boration. Quotes representing common themes are
presented below:
What did you learn about each other’s discipline?
‘‘Industrial design is less technical/math based; with
more thought on emotion and interaction of the
device.’’ (MU student)
‘‘We have very diﬀerent approaches to solving a pro-
blem andwe could complement each other in a respect-
ful manner.’’ (MU student)
‘‘Through this project I have learned that engineers and
designers can get along. By this I mean they can work
together to create products.’’ (MIAD student)
‘‘I learned much about the diﬀerences and similarities
between ID and engineering. I gained a lot of valuable
insight into the process of designing for engineers and
how to communicate with them.’’ (MIAD student)
What did you learn about working with engineering/
industrial design students?
‘‘Communication is essential. Each major has its own
vocabulary and what makes sense to one group may
not to another. Learning each other’s language is
essential.’’ (MIAD student)
‘‘Engineers did not know how to visualize at all. It was
so exciting to be able to help them with this. Likewise,
my lack of knowledge in terms of engineering was
readily supplemented by the engineers.Great balance.’’
(MIAD student)
‘‘I was able to visualize more clearly how each other’s
strengths can be used to come up with a great design.
Our team was blessed with a passionate, kind-hearted,
and willing group of industrial design students that
enjoyed our project.’’ (MU student)
‘‘Time and communication between cross disciplines
are keys to producing quality products that meet the
project needs. The most eﬀective team clearly commu-
nicates the product design specs and needs amongst
each member with adequate leeway time to complete
tasks dependent upon such information. Too much
leeway time with gaps in communication can lead to
wasted energy in making alterations of designs with
improper focus.’’ (MU student)
What diﬀerences/similarities in problem solving,
design, and project management did you observe
between engineering and industrial design students?
Similarities:
‘‘Identifying the problem; attacking it one piece at a
time; devoted and passionate about the project. Both
followed schedules, gave presentations, needed to
explain their ideas to other disciplines.’’ (MIAD stu-
dent)
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Table 2. Schedule and structure of the MU/MIAD collaboration
Marquette students MIAD students
August Start project –
September Deﬁne project –
October Identify customer needs –
November MU students present projects to MIAD students
December Propose concept to MU faculty and students –
January MIAD students select projects,
Begin collaboration
February Create project schedule, present project status updates
March Begin prototype construction
Begin testing prototype Final presentation to MIAD faculty
End collaboration
April Verify/Validate design –
May Present ﬁnal design to MU faculty and students –
‘‘We both value the customer and want what is best for
them. Both disciplines are very compassionate.’’ (MU
student)
‘‘Both set deadlines based upon project deliverables
and presentations.’’ (MU student)
Diﬀerences:
‘‘Engineers focus on how the device will function;
MIAD students focused on the human interface and
appearance.’’ (MU student)
‘‘Engineers had a solid grasp on ‘what it needed to be’,
and designers had a grasp on ‘how it needed to be’. ‘‘All
of the functions included were planned out and tested
thoroughly by engineers, and placement and appear-
ance in accordance with those factors are what design
students brought.’’ (MIAD student)
‘‘MIAD students createdmultiple physical drawings of
possible solutions to design issues. Engineering stu-
dents performed analytical analysis using engineering
principles tomodel possible solutions to design issues.’’
(MU student)
Do you have any suggestions for improving this
collaboration?
‘‘It would be better if the collaboration could start a bit
sooner so that both groups are on the same page
throughout the beginning of the project.’’ (MIAD
student)
‘‘Have designated meeting times to help with more
collaboration with MU students.’’ (MIAD student)
‘‘It would be nice if they (MIAD students) were able to
stay with us until we are 100% done.’’ (MU student)
‘‘Meet during class time as well as having scheduled
class time for engineers and designers to collaborate.’’
(MIAD student)
‘‘TheMIAD students should deﬁnitely start the project
at the beginning of the year and maybe stay on the
project for the entire year. Eight weeks is not long
enough, especially if you want to get several proto-
types. Thankfully, we were able to make three proto-
types while theMIAD students were on board, but had
they started this project with us sooner I thinkwe could
have had a much better prototype.’’ (MU student)
5. Discussion
The results of the survey indicate that the MU and
MIAD students recognize that each discipline has a
diﬀerent focus, its own language/vocabulary, and
diﬀerent approaches to problem solving. Engineers
noted that ID students emphasized aesthetics, and
used drawing and sketching as preferred tools for
design and communication. They were impressed
with the skill demonstrated by the ID students when
using these tools. ID students noted that engineer-
ing students emphasized more analytical
approaches to design with a focus on functionality,
and testing to verify designs. Both groups noted that
there were many common aspects of the design and
project management processes that were shared
between the disciplines such as problem identiﬁca-
tion, passion for the project and the quality of the
ﬁnal design, use of schedules to manage the project,
and communication of project status through oral
presentations. They viewed diﬀerences in
approaches to problem solving as being comple-
mentary to the skillsets of students from both
disciplines, and felt that both groups could work
well together withmutual respect to solve problems.
Survey results indicated a strong desire among
students to work together from the start of the MU
capstone design course until the end. Students
preferred to join the team and begin work on the
project in August instead of January, and continue
working until the project is completed in May,
instead of March. MIAD students wanted to be
involved as early as possible in the design process,
including identifying customer needs, establishment
of target product speciﬁcations, and concept gen-
eration and selection. They suggested that class time
be provided to meet as a team.
Students concluded that good communication
was required for a successful project experience,
and that learning each other’s disciplinary language
was essential to understanding each other. They
recognized the need for engineering and industrial
designers to be able to explain their ideas to people
from other disciplines.
As previously mentioned, we have found (anec-
dotally) that the two disciplines communicate
design ideas diﬀerently. Both groups use sketches
as a basic communication tool but the ID students
often have better sketching skills than the engineer-
ing students. As a result, sketches made by ID
students are often more eﬀective in communicating
ideas. This is partially due to the diﬀerences in the
design curricula, and not a lack of drawing ability
among engineering students. Drawing, sketching,
and the use of digital design methods are typically
emphasized more in ID programs. Figs 1–3 illus-
trate the diﬀerences in how engineering and ID
students often communicate their designs.
Figure 1 shows a boxy, industrial looking design
with many rectangular components and 908 angles.
Figure 2 also shows an industrial looking design
with many right angles. However, in this image, the
actual hand ergometer is shown mounted to the
stand at an angle to provide a sense of scale and
showhow the product will be used by a patient lying
in a hospital bed. Figure 3 shows a more tubular,
aesthetically pleasing design. An image of the hand
ergometer, patient lying in bed, the angled platform,
and the bed itself is included to provide a sense of
scale and show how the stand would work and be
used. These features are often included (and typi-
cally required by ID faculty) in sketches and draw-
ings created by the ID students.
Collaboration Between Biomedical Engineering and Industrial Design Students in Capstone Design Projects 1517
6. Recommendations
During the ﬁrst ten years, we have learned many
lessons regarding the structure and management of
our collaboration between engineering and indus-
trial design students. Based on our experience,
observations, and feedback from students, we
recommend the following for capstone design
instructors interested in establishing similar colla-
borations at their institutions:
 Capstone design faculty should carefully screen
potential collaborative projects to determine if
significant industrial design work (other than just
aesthetic improvements) is actually needed. ID
students can make significant contributions to
capstone project in areas other than aesthetics
and may feel undervalued if their only role on the
project is to ‘‘make the design look nice’’.
 To improve outcomes, all teams should be
allowed to volunteer for a collaborative project,
and not be required to do so. Forcing students to
participate in this type of collaboration often
leads to poor outcomes. Students who participate
need to understand the advantages and value that
this type of collaboration will bring to the project
and team regarding the quality of the final
deliverable. They also need to accept and respond
to the additional communication demands that
this type of collaboration requires.
 When soliciting participation from ID students,
engineering students should be presenting their
projects, not capstone instructors.Wehave found
that this form of peer-to-peer recruiting is more
effective in attracting ID students to the project
team than when faculty present project informa-
tion.
 If possible, allow both groups of students to work
together from the start of the project until the end
to improve continuity throughout the entire pro-
ject. This will allow all students to participate in
the customer needs identification process, estab-
lish target specifications, and contribute to the
early generation of design concepts. It can
enhance team building, build trust among team
members, and create a sense of joint project
ownership and greater commitment to the project
and team.
 To avoid confidentiality and non-disclosure
issues, industry-sponsored projects should be
carefully considered before approving them for
potential collaborative teams. Industrial design
students need to be able to include their work in
their design portfolios when conducting job
searches and thus may not be willing to sign
agreements that limit their ability do so.
 To better prepare for engineering/ID collabora-
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Fig. 1.Drawing made by anMU engineering student to commu-
nicate a proposed design concept for a movable stand to hold a
hand ergometer over a patient’s bed to allow the patient to
exercise while lying ﬂat on the bed. This drawing was generated
in early December, just prior to the start of the MU/MIAD
collaboration in January.
Fig. 2.Drawing made by anMU engineering student to commu-
nicate the ﬁnal design for the same project described in Fig. 1.
This drawing was created in early May, following the end of the
MU/MIAD collaboration in March of the same year.
Fig. 3. Computer-generated image, created by an ID student in
March, of the same ﬁnal design presented in Fig. 2.
tions, itwould behelpful to introduce ID topics to
engineering students early in the engineering
curriculum, encourage development of 3D mod-
eling skills (with tools such as SolidWorks), and
provide opportunities for students to develop
sketching and visualization skills.
 Encourage students to share the title of
‘‘designer’’ with ID students and faculty. Often,
industrial designers refer to themselves as
‘‘designers’’ and engineers as simply ‘‘engineers’’.
Similarly, engineering students often think only
of themselves as designers. Recognize that both
groups are designers (and problem solvers) who
emphasize different aspects of design and bring
complementary design skills to the project team.
 Engineers often view the design process as linear
(disciplined) and industrial designers view it as
non-linear (chaotic). Recognize that the process
involves iterations that require looping back to
previous stages, but that to properly comply with
international standards and regulatory require-
ments, some stagesmay need to be completed in a
specific order.
7. Conclusion
We found that engineering and industrial design
students tend to emphasize diﬀerent aspects of
design, reﬂecting the emphases of their respective
curricula. Student feedback and instructor observa-
tions over the ﬁrst ten years indicated that these
collaborations helped students (1) learn to commu-
nicatewith people in other functional disciplines, (2)
develop an appreciation for the complementary
skills each discipline brings to the project, (3) learn
that there is more than one way to solve a problem,
and (4) develop an appreciation for diﬀerent
approaches to problem solving and ways of think-
ing. Evaluation of ﬁnal prototypes indicated that
the overall quality of product design increasedwhen
engineering and industrial design students worked
together. We found that the most successful colla-
borations involved students with excellent commu-
nication and teamwork skills.
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